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ABSTRACT
Large empty volumes in optical payloads like telescopes and baffles take up significant, potentially useful space to
package within a launcher volume, and can limit the minimum size of a spacecraft, having major implications on
launch options and costs. Volume can be saved by using telescopic structures which can be deployed in-orbit. In
previous work a light-weight wire-driven telescope was developed, which employed a constant torque spring motor
with a damper to achieve a controlled deployment. This work focusses on the application of a similar deployment
scheme to an optical baffle and the further development of the driving, tension-balancing and hold-down and release
mechanisms required to achieve a usable sub-system package. In order to compensate for in orbit deformations, a
tension balancing mechanism is proposed. A hold down release mechanism is also proposed for the launch.
Preliminary FE analysis confirms the modal shapes of the deployed baffle are well beyond 100 Hz and validates the
design concept. Initial functional and environmental testing has revealed minor issues, and redesign of the baffle
structure will be done to conduct further tests. Future work will involve exploring other methods of manufacturing,
using light absorbing materials/coatings and another round of design iteration and testing.
INTRODUCTION

satellite is in orbit. This process of transformation should
be autonomous, reliable and occur without any damage.
A detailed overview on deployable structures for generic
engineering designs and also for satellites is provided in
Pellegrino2.

The size of satellites is mainly constrained by the launch
configuration where it needs to meet the requirements of
the dynamic payload envelope or the volume available
in the payload fairing of the launch vehicle.
Miniaturization of electronics has helped pack more
performance in smaller satellites which are able to
achieve the same performance as traditional large
satellites. While many satellite sub-systems can be
miniaturised to a high degree, imaging optics are
constrained by the laws of physics. For optical payloads
like telescopes and star trackers, the instrument’s size
(e.g. mirror, lenses, focal length, baffle size) is directly
related to the instrument's performance. For a given
orbit, to achieve a specific resolution or sun-exclusion
angle, a particular size of the instrument is required.
Currently, state of the art traditional earth observation
satellites, which have a very high image resolution (0.3
m GSD) are of the size 5x8x3m1.

Solar panels are regularly deployed on most operational
satellites. Furthermore, deployable antenna systems are
also becoming popular, which can greatly increase in the
gain of the antenna for a given satellite size. However,
deployable systems for optics and supporting optical
elements like baffles are still under development. This is
due to the added complexity of optical payload
requirements. Deployable optical payloads which
employ Cassegrain telescopes will require the secondary
mirror to be accurately placed relative to the primary
mirror at a specified distance and maintain that distance
within tolerance in the order of a few microns to ensure
the performance of the telescope system. Large projects
like JWST have used extensive deployable systems,
which represent the state-of-the-art, where each
precisely machined mirror is positioned accurately
within nanometres using multiple actuators. For smaller
satellites with optical payloads in Cassegrain
configuration, multiple deployable options have been

In order to achieve the required performance, the larger
sub-systems of the satellite can be packed in a compact
form factor during launch and later expanded or
transformed into their operational shape. This is
achieved with a single or a series of deployment
mechanisms in a pre-determined sequence once the
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proposed. One with a deployable primary mirror, where
the mirror is split into segments and deployed to increase
the aperture. Another option includes a stowing the
secondary mirror and deploying it at a distance from the
primary mirror.

stages0,6,7,8 used a combination of an electromechanical
motor and a tape to drive the deployment. Except for the
mechanism with tape springs, all other proposals include
an actively deployed system which requires power to
drive the deployable.

Optical sensors and detectors have requirements to view
intended objects or sense reflected light from them. Light
from other sources must be blocked to a certain extent to
allow the instrument to view the primary objects. Baffles
are optomechanical structures used to block stray light
from secondary sources. They usually consist of a
conical cylinder with internal vanes to stop secondary
and higher-level reflections. Optical payloads and star
trackers need an adequate baffle to block stray light from
the earth, sun and moon. Star trackers are an important
part of the ADCS sub-system of the satellite, which helps
in determining the attitude of the satellite accurately. For
a high-resolution earth observation satellite, accurate
attitude knowledge is necessary to reduce pointing
errors. This accuracy depends on the ability of the sensor
to resolve low magnitude stars. Any stray light entering
the sensor will generate noise and signals from these
lower magnitude stars will be difficult to detect. Baffles
are critical for star trackers as their sensors are designed
to be extremely sensitive to view stars which have an
apparent magnitude that is much less than the sun, moon,
etc. If the stray light exceeds the design specification, the
sensor will saturate, and the star tracker will not perform
as expected.

In this work, we present a passive wire-driven
mechanism to deploy a baffle. Passive mechanisms with
a simple configuration and a minimal number of moving
parts allow for deployment without using power, avoid
EMI issues and will have high reliability. The next
section introduces the work done previously for a
deployable telescope using a wire-driven mechanism.
Subsequent sections describe the application of the same
mechanism for a deployable baffle, describe the
deployment mechanism, hold-down release mechanism,
preliminary analysis of the design and comment on
materials and testing.
DEPLOYABLE TELESCOPE
In previous work, a wire-driven telescope was
developed9,10. Additive manufacturing techniques were
used to create the walls of the telescope which had
narrow channels inside them to guide the deployment
wires. Further mass savings were made possible by
taking advantage of AM to create thin web and rib
structures, in the walls. This telescope was intended to
be manufactured using InVar to significantly reduce the
thermal distortions of the telescope structure due to the
material’s low CTE. Research and development of this
system is on-going.

Usually, the size of a star tracker is dominated by its
optical baffle. The design of the baffle depends on the
field of view of the star tracker, sun/moon exclusion
angle and level of attenuation needed. These parameters
govern the length, diameter and number of vanes of the
baffle. Longer and larger baffles usually have better
performance3. As mentioned earlier, the size is
constrained by the volume defined by the launch vehicle.
Most of the baffles for star trackers currently are large
and do not have deployable mechanisms. And small
satellites with star trackers still need larger baffles to
block sufficient stray light and achieve the required
performance. There have been proposals on star trackers
for small satellites, but all of them have been without a
deployable mechanism4. While research on deployable
optical payloads is prevalent, much less progress has
been made with research on deployable baffles. There
are few proposals and studies for deployable baffles,
which mostly include nested cups and the use of springloaded or tape spring mechanisms to deploy the baffle
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Figure 1: Deployable Telescope Demonstration
Model with Servo-winding Mechanism and
Electronics below
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DEPLOYABLE BAFFLE SYSTEM

Multiple solutions which fit within the design constraints
can be achieved.

The principle of the wire-driven mechanism has been
extended to use in optical baffles, which have lower
requirements on deployment accuracy and broader
applications in optical systems.
In this work, a deployable wire-driven baffle has been
developed to reduce stray light into a small camera lens,
intended for basic visual spectrum Earth observation. As
with the telescope in previous work, there are three wires
routed through the walls, although, to simplify
manufacturing and assembly, with shorter sections of
closed channel.
The design follows typical baffle design principles11;
vane positions and baffle length are determined as a
function of the optical collector’s field of view and the
desired exclusion angle, i.e. the minimum angle at which
collimated stray light sources are completely shaded
from the collector.
Since the baffle is to be deployable, each concentric
barrel of the baffle contains a single vane. The barrel
wall lengths will differ slightly for each segment, this
needs to be taken into account for structurally rigid
stowage. The possibility exists for an additional vane to
be placed inside the smallest segment closest to the lens,
though this might be driven by the constraints of the
platform. The deployability of the baffle adds further
geometrical complexities to the design. The walls of the
baffle are slightly conical to facilitate the motion of the
wires during deployment, and the wall thickness and
end-stop tab overlaps also need to be considered.

Figure 3: CAD model of baffle in stowed
configuration and in deployed state
A series of concentric grooves are placed on the
mounting flange of the base segment such that the
stowed segments fit snugly into them, to keep them in
place when under vibration (visible in Figure 2 and
Figure 3). The end-stop tabs can extend the full perimeter
of each segment, if monolithic manufacturing is
possible, or in equal-angle tabs and slots (with
clearance), if each segment is manufactured separately.
In the latter case, an additional keying groove is added to
the base flange to prevent vibration induced relative
rotation of the segments. Rotation during deployment
will be limited by the tension in the wires.

Figure 2: Section view of the baffle in stowed
configuration (left) and deployed (right). The stowed
length is 39 mm, and the deployed length is 124 mm.

The wire routing scheme as it was in the previous
deployable telescope design, where the wire is routed
through the wall of each segment, around the top of the
segment and back along the outside of this segment
between the end-stop tabs of this segment, and the
subsequent segment. This pattern repeats until the wire
reaches the bottom (i.e., part of the segment closest to the
imaging aperture) where it is secured after going through

Each parameter has cascading effects on the optical
performance, so a simultaneous graphical solution was
generated using CAD software. The resulting design is
depicted in Figure 2. Further optimization of this could
be performed on a parametrized mathematical solution.
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the end-stop tab. This scheme is shown in Figure 4, with
the free end of the wire which goes to the drive at the
arrow and the secured point on the final segment as the
larger dot.

the system increases the torque but reduces the available
rotations.
An additional concern of when using constant torque
springs is the speed of deployment, since a potentially
high degree of shock could occur at the end of
deployment with the full torque applied in zero-g. In
previous work an ungeared spring drive was proposed
(Figure 5). This system has been developed with the use
of a COTS viscous damper to reduce the rotational
velocity of the spring. While the viscous damper
significantly slows the deployment down to the order of
tens of seconds, the dampening of the rotational velocity
is perhaps too overwhelming since minor friction can
cause jamming during deployment.

Figure 4: Section view depicting the routing of the
deployment wire (in red) through the segments.
Deployment force acts in the direction of the arrow.
Note how the conical walls allow for routing of the
wire through the wall at an angle which reduces the
distance of completely covered channel, easing
manufacture.
There is a slight thickening of the walls nearest the base
which makes the shape slightly more cylindrical (as
opposed to the overall conical shape of the baffle),
improving alignment of the segments when deployment
is initiated.
DEPLOYMENT DRIVE MECHANISM
In order to save mass and ensure synchronous take-up of
all wires, a single deployment drive mechanism is used.
Servomotor
Continuous rotation servomotors provide a simple lightweight solution to deployment but suffer from a lack of
sustained tension over the mission lifetime to
compensate for any creep in the wire material. A
servomotor will also require additional electronic
sensors, controls and cabling, etc., which are additional
points of failure.

Figure 5: Telescope spring-motor drive with
integrated viscous damper and manual trigger for
demonstration purposes.
Light-weighting
Throughout the telescope and baffle design process, the
generative design techniques have been used to inform
the basic structures, and struts, ribs and webbing have
been used to maintain strength while keeping mass to a
minimum.

A servomotor deployment system for the prototype of
the telescope system in previous work was successfully
built and tested and serves as an easily resettable
demonstration model for the principle (Figure 1Figure
5).

Tension balancing
In order to take up dynamic tension imbalances between
the three wires, each wire is led around its own springloaded “sheave”. The springs constant of these tensioner
springs is less than that of the main driving constant
torque spring such that they will be able to compress to
approximately half of their full stroke at the end of
deployment.

Spring motor drive
Constant torque spring motors provide a passive tension
on the deployment wires. Like servo motors, they can be
geared to make a compact and light-weight deployment
drive solution. A limitation of spring motors is that they
can only provide a limited number of rotations, thus the
drive and gearing must be carefully designed to balance
spring torque with the available rotations, i.e., gearing
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case, the tensioner springs will absorb the shock in about
30 ms, yielding an acceleration of 74 g at the baffle
mounting interface (see Figure 8) which is the equivalent
of about 2 g imparted on a 3 kg satellite. This is likely a
worst-case scenario since there is likely to be friction and
partial engagement of some segments earlier during
deployment which would increase the transient time and
thus decrease the imparted shock.

Figure 6: Schematic of tension balancing
The geared spring motor and tension balancing
mechanism is packaged in a volume of approximately 55
× 32 × 25 mm (see Figure 7), which is about 50% of the
originally proposed spring motor drive yet with enough
torque and rotations to drive both the telescope and the
baffle.

Figure 8: Graph of estimated baffle acceleration vs.
shock duration
HOLD-DOWN AND RELEASE MECHANISM
Ratchet
The telescope’s deployment drive was designed to be
manually wound into launch configuration and held in
place by a spring-loaded pawl and ratchet mechanism
(Figure 5). Deployment of the telescope is initiated by
disengaging the pawl with a dedicated solenoid.

Figure 7: Inside of the geared spring-motor drive
with integrated tension balancing on the left side.
Deployment Shock
In previous work, the telescope design had the drawback
of needing the viscous damper on the deployment drive
spring to reduce the rotational velocity, and hence the
magnitude of shock at the end of deployment, while still
maintaining sufficient torque for deployment. A further
drawback of the COTS viscous damper is that it is not
made from space-rated materials which poses outgassing and reliability issues.

Wire-driven deployment mechanisms suffer from the
fact that there is nothing to counter movement of the
segments into their deployed configuration, regardless of
the wire tension, i.e., in stowed configuration, the wires
are at their longest length, so the segments are free to
move into any position along their range of deployment.
To circumvent this free motion the outer baffle segment
is constrained with a hold-down cable looped through a
burn-wire mechanism.

In the case of the baffle deployment drive, the addition
of the tension balancer has the added effect of providing
a level of shock absorption. Once all baffle segments are
fully engaged with each other, the tension in the wires
will be transferred to these smaller tensioner springs.
Given a total spring energy of 5 J and a baffle mass of
0.081 kg, it is estimated that, in the critically damped
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Burn-wire Mechanism
The design of the burn-wire mechanism is intended to be
as space-efficient as possible in order to fit into the
bounding box of the stowed baffle with inspiration
derived from Thurn et al.12 Wire lugs for electrical
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connection are recessed so that they can be easily
insulted with high-temperature potting compound. The
burn-wire itself is only exposed in the area in contact
with the hold-down cable, limiting the possibility of
shorting the high-current burn-wire circuit. A clamp
point for the hold-down cable is also located on the base
of the burn-wire mechanism. In this way all burn-wirerelated mechanisms are contained in a volume of
approximately 35 × 15 × 10 mm. Two of these
mechanisms are used for redundancy.
Tensioning
In anticipation of long-term storage of the stowed baffle,
the burn-wire mechanism is mounted on a sliding springloaded shaft which has a 4 mm stroke length to take up
any creep in the hold-down cable. When securing the
hold-down cable, this spring is to be compressed such
that maximum spring force is applied to the tie-down and
maximum stroke is available to take up slack in the
system.

Figure 10: Routing of the hold-down cable between
the base segment and the end segment.
Additional reinforcement has been added where the
hold-down cable is routed around corners, since there
can be significant heat generated through vibration,
which can cut into the baffle material.
MATERIALS
The deployment wire is preferably a strong flexible
material, with low friction and outgassing properties.
Nylon has been used successfully on prototypes although
thin braided Kevlar is likely to be used in the future since
it is stronger, more flexible and better suited to space
applications.
As the baffle itself is preferably manufactured as a
monolithic structure, i.e., with all segments interlocked
and no possibility of disassembly, it is preferable that the
baffle is additively manufactured in a high temperature
thermoplastic such as PEEK, Polycarbonate or
Polyetherimide. Prototypes have been printed in AMA
and PLA. Thermoplastics are also used for the spools,
gears and casing of the winding mechanism.
The main body of the burn-wire mechanism is made of
machinable ceramic so that it can operate at high
temperatures without dissipating heat into the rest of the
structure and to electrically insulate the rest of the
spacecraft from the high-current burn-wire circuit. The
burn-wire itself is Kanthal A1.

Figure 9: Burn-wire mechanism
In order to reduce the motion under vibration, the free
end of this structure needs a “cradle” in which it can be
constrained. The burn-wire mechanism is mounted
aligned with the axis of the baffle and can thus be cradled
between the mounting flange on the base of the baffle
and an extension of the vane on the last segment.
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A number of material options were considered for the
hold-down cable which needs to be both durable and
have a relatively low melting point given the power
constraints of the intended platform. Vectran is the
preferred material due to its relatively low melting point,
low creep and high strength, but is not readily available
in the desired monofilament form. Kevlar was also
considered but was only available in braided 0.4 mm
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form and the melting temperature was an ill fit for power
constraints. Braided Dyneema is readily available with a
reasonably low melting point and high strength, although
during testing tended to recombine after melting
through, yielding an unreliable deployment. The tiedown material settled upon was 0.5 mm Nylon
monofilament, which had sufficient strength, low
melting
temperature
and
acceptable
creep
characteristics.
All other parts, such as fasteners, springs, shafts, etc. are
either stainless steel or aluminium.
PRELIMINARY FE ANALYSIS
Preliminary finite element (FE) analysis is performed as
an initial estimation of the overall dynamics of the baffle
in the deployed state. The simplified FE model has 4node shell elements as the walls of the baffle are thin (2
mm) when compared to the overall length. cylindrical
walls, vanes and base of the baffle are all of uniform
thickness. Tether channels which are slender and run
across the baffle walls, are not simulated as they lead to
very minor changes in the inertia of the system. Adjacent
baffle segment walls are attached by constraining
appropriate degrees of freedom. Other attachments, such
as the drive mechanism below the base of the baffle, are
not simulated at this preliminary stage.
Modal analysis is performed for the deployed
configuration with the commercial FE package –
Nastran. The FE model is verified for its modes in freefree condition. The nodes at the fastener locations are
constrained in all 6 degrees of freedom. The deformation
results of the modal analysis are shown in Figure 11. It
is observed that the first and second modes of the baffle
in the deployed state are in X- and Y-axes, respectively
and their frequencies are close, which is due to the
axisymmetric structure of the baffle. Whereas the third
mode is along the Z-axis. The natural frequencies of the
modes are mentioned in Table 1. Also, the first mode is
well above 100 Hz, which is a requirement to avoid any
excitation due to the microvibration and any other
excitation on the satellite structure in orbit. This
confirms the validation of the design concept in the
deployed state in orbit. Further detailed analysis is in
progress, along with a detailed design of the baffle. The
study of effect of thermal loads in orbit is essential as
deflections in orbit are mainly due to the thermal loads13.
Figure 11: First three (top to bottom) mode shapes
of the deployed baffle
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Table 1: Natural frequencies of first three modes of
the deployed baffle
Mode

CONCLUSION
This paper has reported on the design, prototyping and
testing of a wire-driven deployable baffle for a
microsatellite mission, based on previous work on a
deployable Cassegrain telescope. The less-stringent
positional accuracy required by a baffle, as opposed to a
telescope, allows for a wider variety of options regarding
materials and manufacturing techniques.

Frequency (Hz)

1

200

2

246

3

797

The deployment drive system has evolved to be more
lightweight and compact, without compromising on
torque. A separate compact HDRM system has been
developed which fits within the bounding box of the
baffle and only needs a constant current supply to
function. Preliminary FE analysis of the deployed baffle
confirms the primary mode of the deployed baffle is well
above the required 100 Hz. Initial functional testing on
various elements has revealed minor issues which have
been addressed and a full system test is pending the next
round of manufacturing. Environmental tests on
prototypes have also prompted design modifications and
will be retested in due course.

TESTING
Random vibration testing has been performed on a
prototype to NASA GEVS levels which brought to light
wearing issues on the corners rounded by the hold-down
cable. The design has since been updated with the
reinforcement mentioned previously.
The burn-wire has been power cycled at 2.5 A (nominal
1.6 A) with a 20 N lateral load applied. A thermocouple
was placed near the interface of the burn-wire and the
hook to which the load was applied. The temperature was
allowed to rise above 245 °C while the current was
applied and allowed to cool below 35 °C with the current
switched off. The burn-wire failed after 29 cycles.

Optical verification tests need to be carried out to
confirm theoretical performance. The performance gains
to be made by the use of optical coatings must be
characterized and the compatibility with a variety of
materials needs to be addressed.

FUTURE WORK
Manufacturing, Materials & Coatings
Thus far only Fused Deposition Modeling (FDM) and
Powder Bed Fusion (PBF) additive manufacturing
techniques have been used for prototyping with varying
degrees of success. Other methods such as
stereolithography (SLA) can be investigated, which will
also enable the use of a wider variety of materials.

References
1. Pellegrino, S., Deployable Structures, Vienna:
Springer Wien, 2014.
2. "WorldView-3
Datasheet", Spaceimagingme.com Available:
https://www.spaceimagingme.com/downloads/se
nsors/datasheets/DG_WorldView3_DS_2014.pdf
Accessed 08/06/2022.

One aspect that has been ignored up until now is the use
of light absorbing coatings which can adhere to the baffle
substrate material. While the geometry of the baffle
alone can prove sufficient for light suppression, the use
of coatings could greatly improve the performance for
more demanding applications.

3. Heinisch, R., and Jolliffe, C., "Light Baffle
Attenuation Measurements in the Visible",
Applied Optics, Vol. 10, No. 9, 1971, p. 2016.
Available: 10.1364/ao.10.002016.

Verification

4. Grace, J., Merlo Paula Soares, L., Loe, T., and
Bellardo, J., "A Low Cost Star Tracker for
CubeSat Missions", AIAA SCITECH 2022 Forum,
2022. Available: 10.2514/6.2022-0520.

Another round of environmental test needs to be carried
out to ensure that the most recent design updates solve
problems which emerged in the previous round.
Design
In order to improve stability of the burn-wire mechanism
and make it more versatile, the axis of the tensioning
shaft should run along the mounting plane with an
integrated cradle.

Honeth

8

36th Annual Small Satellite Conference

5. Du, K., Liao, S., Li, H., and Zhang, Y., "A novel
self-deployable baffle with vanes driven by
rectangular section curving tape springs", 7th
International Symposium on Advanced Optical
Manufacturing and Testing Technologies: Optical
Test and Measurement Technology and
Equipment, 2014, pp. 755-761. Available:
10.1117/12.2068163.
6. Greenbaum, A., Knapp, M., Schaalman, G.,
Henderson, T., and Seager, S., "Low-mass highperformance deployable optical baffle for
CubeSats", 2013 IEEE Aerospace Conference,
2013. Available: 10.1109/aero.2013.6496886.
7. Liu, X., Xing, F., Fan, S., and You, Z., "A
Compressed and High-Accuracy Star Tracker
with On-Orbit Deployable Baffle for Remote
Sensing CubeSats", Remote Sensing, Vol. 13, No.
13,
2021,
p.
2503.
Available:
10.3390/rs13132503.
8. "Team 11: Space-based optical alignment and
deployable baffle", Paul M. Rady Mechanical
Engineering. Available:
https://www.colorado.edu/mechanical/team-11space-based-optical-alignment-and-deployablebaffle.
9. Aglietti, G.S., Honeth, M., Gensemer, S., and
Diegel,
O.,
"Deployable
Optics
for
CubeSats", 34th Annual AIAA/USU Conference
on Small Satellites, 2020.
10. Yalagach, A., Aglietti, G.S., Honeth, M.,
Gensemer, S., and Diegel, O., "Deployable Barrel
for a Cubesat's Optical Payload", AIAA Scitech
2021 Forum, 2021, p. 1791. Available:
10.2514/6.2021-1791.
11. Fest, E., Stray Light Analysis and Control,
Bellingham:
Society
of
Photo-Optical
Instrumentation Engineers (SPIE), 2013.
12. Thurn, A., Huynh, S., Koss, S., Oppenheimer,
P., Butcher, S., Schlater, J., and Hagan, P., "A
nichrome burn wire release mechanism for
CubeSats",
41st
Aerospace
Mechanisms
Symposium, Jet Propulsion Laboratory, 2012, pp.
479-488.
13. Haghshenas, J., and Afshari, B.M., "Surveying
the effect of thermal and mechanical loads on star
sensor baffle and its performance", Sensors,
Systems, and Next-Generation Satellites XXIII,
2019. Available: 10.1117/12.2535474.

Honeth

9

36th Annual Small Satellite Conference

